Hypothalamus transcriptome profile suggests an anorexia-cachexia syndrome in the anx/anx mouse model ENERGY BALANCE AND BODY WEIGHT regulation are major homeostatic processes, and the disruption of their regulatory mechanisms can cause several complications, leading to death in the worst cases. In humans, deregulation of these mechanisms occurs in patients with eating disorders (ED), such as anorexia nervosa (AN) and bulimia nervosa (BN), and obesity. ED and obesity, major health problems in adolescents, are associated with elevated risk for a broad range of physical and mental disorders during early adulthood (1, 6, 69) . In developed countries, the incidence of AN or BN has dramatically increased in recent years (39) , though other diseases such as cancer or chronic infections can be also associated with an energy balance impairment characterized by progressive weight loss and depletion of adipose and skeletal muscle reserves, known as cachexia, which can aggravate the outcome of the disease (73) . In these cases, anorexia appears in response to acute and chronic infections, inflammation, and trauma, followed by severe loss of body weight due to a deregulation of the appetite-regulating hypothalamic circuitry.
One animal model proposed for the study of anorexia is the anx/anx mouse, a mutant that harbors a recessive mutation in chromosome 2 , not yet identified, close to the Pallidin gene (36, 49) . These mice display poor appetite resulting in growth failure and emaciated appearance, accompanied by abnormal behavior and neurological symptoms including body tremors, head weaving, hyperactivity, and uncoordinated gate (49) . At the biochemical level, these mice show a reduced expression of several neuropeptides, such as pro-opiomelanocortin (POMC), neuropeptide Y (NPY) (12) , and cocaine amphetamine-related transcripts in the arcuate nucleus (35) , as well as a general hyperserotonergic activity and altered dopamine signaling in the striatum (33, 37, 70) .
To our knowledge, the only available expression profile study performed in the anx/anx model found a deregulation of the orexigenic NPY/AGRP system and an upregulation of different sets of genes of the immune/inflammatory response in the hypothalamus (44) . The authors pointed to a relationship between the inflammatory process revealed by the expression profile and the anorexic phenotype observed in these mice.
However, although many genes identified in the oligonucleotide array were also confirmed through the hybridization of a cDNA microarray, the study validated the differential expression of few genes with a real-time PCR alternative method, and much biological information, especially concerning genes with a mild effect, might still not be untangled.
To obtain a greater understanding of the pathogenetic mechanisms involved in the anorexic phenotype of anx/anx mice, we profiled its transcriptome in the hypothalamus, a critical brain area involved in the chemical encoding of feeding behavior. For that purpose we used oligonucleotide DNA microarrays to screen ϳ44,000 probes and further performed an extensive post hoc validation of 92 differentially expressed genes by real-time quantitative RT-PCR low-density arrays (TaqMan). We also included 87 additional assays of candidate genes involved in obesity, eating behavior, and ED selected from literature searches.
MATERIALS AND METHODS

Animals, Tissue Dissection, and Sex Genotyping
Homozygous anx/anx mice were produced from heterozygous breeder pairs (B6C3Fe a/a-anx/J) obtained from the Jackson Laboratory. Postnatal day 16 weanling mice housed with their parents were separated into two groups: anx/anx and control mice. anx/anx mice were identified by their reduced body weight, body tremor, and mild hyperactivity. Because homozygous and heterozygous mice cannot be phenotypically nor genotypically distinguished from wild types (wt), control groups probably contained both genotypes (wt/wt or wt/anx). anx/anx and control mice were allowed ad libitum access to the mother, food, and water. Three anx/anx and three control mice were anesthetized with 3% isoflurane and decapitated, and the hypothalamus was dissected. Tissues were immediately frozen with liquid nitrogen and stored until the experiments were performed. RNA was extracted from the tissue using TRIzol (Invitrogen), following manufacturer's recommendations. All RNAs used had RNA integrity numbers ranging between 8.4 and 8.9 and 28S/18S ratios between 1.3 and 1.6. anx/anx animals are quite smaller than their control littermates, and sex phenotyping might be confusing in some cases. As there might be differential expression due to sex differences, we rechecked the sex through a PCR as described by Clapcote and Roder (18) on DNA extracted from tail biopsies by previously described methods (46) . All experimental procedures were approved by the local ethical committee (CEEA-IMIM and CEEA-PRBB) and met the guidelines of local (Spanish law 32/2007 and Catalan law 5/1995) 
Microarray Hybridization
Microarray expression profiles were obtained using the 44K Whole Mouse Genome (ref. G4122A) oligonucleotide platform (Agilent Technologies, Palo Alto, CA), and the RNA labeling and hybridization process was performed following the manufacturer's instructions. We used three replica groups consisting of three pairs of samples: for each pair, one anx/anx mouse was compared with a control mouse from the same litter. Moreover, and to avoid bias labeling artifacts, dye swap experiments were performed for two of the anx/anx-control pairs, resulting in a total of five arrays. Dye swap experiments were performed to avoid a bias toward genes that are differentially hybridized when labeled to a particular dye. Fluorescent images were obtained with an Agilent G2565BA scanner. Microarray images were quantified using GenePix 6.0 (Axon) software. Only spots with signal intensities twice above the local background, not saturated, and not flagged by GenePix were considered reliable and used for subsequent analysis. Extracted intensities were subtracted from the local background, and the log2 ratios were normalized in an intensity-dependent fashion by global LOWESS. Target genes were considered as differentially expressed when Ͻ0.001 false discovery rate (FDR), using significant analysis of microarrays (SAM) test implemented in R (75) . All quantitative and statistical analyses were performed using the Limma package in the R environment (68) .
Following the MIAME standard for microarray data, the expression data reported in this paper have been deposited in the Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo) database (series GSE11426).
TaqMan Low-density Arrays
Selection of ABI assays. We selected 92 differentially expressed genes Ͻ0.001 FDR (0.1%), corresponding to 92 "made to order" assays, the ones available to perform TaqMan low-density arrays (TLDA), through the ABI web server (www.applied.biosystems.com). Assays for 87 additional candidate genes were also selected from several web resources, literature collection, and data obtained from our laboratory. In total, we selected 176 nonredundant assays, as three of them, for genes Ppargc1a, Gabra2, and Gad2, were selected based on both 0.001 FDR and literature search. We selected 15 additional putative housekeeping genes to search for the less variable endogenous controls to use as normalization factors. Supplementary Table  S2 1 summarizes all the selected ABI assays and their criteria used for selection.
For the qPCR experiments, the same RNAs used for the microarray experiments were used. For three anx/anx mice and three control mice (thus three biological replicates) we performed two technical replicates, resulting in a total of 12 TLDA plates. cDNA was obtained using the cDNA with High Capacity Archive Kit from Applied Biosystems (Foster City, CA). To avoid genomic DNA contamination, RNA was treated with DNase I (2 U/l; Ambion, Applied Biosystems) at 37°C for 30 min followed by inactivation with DNase inactivation reagent (Ambion, Applied Biosystems). cDNA was obtained using the cDNA with High Capacity Archive Kit from Applied Biosystems. DNA contamination was discarded through the amplification of an exon junction fragment of ubiquitin-like 4 (Ubl4) using the following primers: 5Ј-GGCAGCTGATCTC-CAAAGTCCTGG-3Ј and 5Ј-AAC-GTTCGATGTCATCCAGT-GTTA-3Ј. This results in a higher-size DNA band in an agarose gel when DNA contamination is present. PCR master mix, prepared with TaqMan Universal PCR Master mix and cDNA, was loaded to TLDA card and run in a 9700 HT Applied Biosystems Real Time PCR machine following manufacturer's instructions (Applied Biosystems).
TaqMan Data Analysis
Real-time amplification curves and Ct values were calculated using SDS software version 2.1.1 software (Applied Biosystems). For each cDNA sample, two replicate TLDA assays were performed. To calculate the relative quantities for each sample, we used qbase software (28) . We tried two methods to calculate the relative ⌬CT values: the classical method normalizing the expression by a single endogenous control, and normalizing for the three most stable genes (less variable across conditions) using GeNorm software v3.4 (76) . Log2 linear regression analysis was performed to assess how well real-time PCR using TLDA correlated with microarray Agilent results. R 2 and coefficients, including the b constant, were calculated using the classical method, normalizing by a single endogenous control, ␤-actin, or normalizing by the geometric mean of the three most stable genes selected using GeNorm. When plotting all the genes, we did not observe many differences between the R 2 coefficients using the two methods, but large differences for the b constant (the Y value when x ϭ 0) were observed between the GeNorm method and classical method: Ϫ0.0092 vs. 0.46 (log2 ratio values). Therefore, GeNorm method adjusted much better to the microarray results as the b constant was closer to 0 in both tissues, so it was used to perform the analysis. The three most stable genes for hypothalamus were Tbp, Ywhas, and Xpr1 (Supplementary Table S2) .
SAM tests based on paired t-tests were performed to obtain a statistical significance of the differentially expressed genes. A 0.05 FDR threshold was used to consider genes significantly differentially expressed in the validation assay.
Quality Control
A correlation coefficient of 0.99 was obtained between ⌬Ct values from replicate values, giving high confidence to technical replicates (data not shown). Log2 ratios of genes determined to be differentially expressed genes by microarray analysis were plotted against the log2 ratios obtained by TLDA analysis. A Pearson correlation coefficient of 0.65 (P ϭ 3.0 ϫ 10 Ϫ13 ) comparing the two techniques was obtained.
Gene Ontology and Ingenuity Pathway Analysis
The confirmed genes validated from the microarray results, plus those ones confirmed among the literature-selected genes (Ͻ0.05 FDR) were used to generate networks, canonical pathways, and functions through the use of Ingenuity Pathways Analysis (IPA, Ingenuity Systems, www.ingenuity.com). A data set containing gene identifiers and corresponding expression values was uploaded into the application. Each gene identifier was mapped to its corresponding gene object in the Ingenuity Pathways Knowledge Base. A 0.001 FDR threshold cutoff was set to identify genes whose expression was significantly differentially regulated. These genes, called focus genes, were overlaid onto a global molecular network developed from information contained in the Ingenuity Pathways Knowledge Base. Networks of these focus genes were then algorithmically generated based on their connectivity.
RESULTS
To identify differentially expressed genes, we compared the hybridization signals of RNA transcripts obtained from hypothalamus from three male anx/anx mice vs. three male control mice. Since the phenotype is recessive, control mice included both animals heterozygous for the mutation or homozygous that do not carry the mutation. We confined our analysis to genes with a FDR of 0.001 (0.1%). With this stringent criterion, we aimed to identify the most reliably differentially expressed genes with a low risk of false positives, because our goal was to perform a posterior large qPCR replication experiment. Under this criterion, a total of 155 nonredundant genes were differentially expressed: 141 and 14, upregulated and downregulated, respectively (Supplemental Table S1 ).
To test the validity of the results of the transcriptome analysis, we designed a customized panel of low-density arrays, including TaqMan inventoried gene expression assays for our set of candidate genes. Target validation included 92 genes that were found deregulated in the array plus 87 additional assays from literature-candidate genes (Supplemental Table S2 ).
When normalizing by the three least variable genes in each tissue (see TaqMan data analysis section), the TaqMan results followed the same pattern in ϳ85% of the differentially expressed genes detected with Agilent microarrays, with 55% of them significant Ͻ0.05 FDR (Table 1, top; Table 2 ). The correlation between the microarray results and TLDA results was good (Pearson correlation ϭ 0.65, P Ͻ 10 Ϫ13 ), even though in a proportion of cases the TaqMan and the Agilent probes were not mapping to the same exon of a given gene. Thus, among the 92 initially selected genes, 51 were confirmed as differentially expressed genes and considered as true positives (FDR Ͻ0.05, Table 1 , top, Table 2 ). The vast majority of the TaqMan-tested genes were upregulated (mean fold change: 1.38) although seven genes were downregulated (mean fold: Ϫ1.67) (Tables 1 and 2; Fig. 1 ).
The confirmed genes validated from the microarray results plus those ones confirmed among the literature-selected genes (Ͻ0.05 FDR) were used to generate networks, canonical pathways, and functions through the use of IPA (www.ingenuity. com). According to our qRT-PCR results, when all the genes that appeared to be differentially expressed in hypothalamus were loaded to perform a core IPA analysis, the most significantly enriched network was cell death, cell morphology, and cancer (P ϭ 10 Ϫ28 ). This network centers on tumor necrosis factor (TNF) and is involved in the regulation of a wide variety of biological processes related to acute phase response signaling, including cell proliferation, differentiation, apoptosis, lipid metabolism, and coagulation. Thirteen out of the 35 genes that defined the network were differentially expressed in anx/anx hypothalamus (Fig. 2, Table 2 ).
When we looked for enriched metabolic and cell signaling pathways we found that two of the most significant ones were the peroxisome proliferator-activated receptor (PPAR) signaling and activation cascades. Interestingly, molecules contained in this pathway overexpressed in the anx/anx mouse were the coactivator 1␣ of the peroxisome proliferative-activated receptor-␥, (Pparg1a), nuclear receptor corepressor 1 (Ncor), and phospholipase C ␤1 (Plcb). These genes are specifically involved in fatty acid oxidation and degradation, lipid homeostasis, adipocyte differentiation, and glucose and insulin homeostasis. Other specific pathways were identified for the hypothalamus, although often the analysis assigned a given gene to more than one pathway and included the Huntington's disease path (with focus genes involved in neurodegeneration) and the estrogen receptor signaling.
We also used real-time PCR to check the expression profiles of a set of genes that did not reach our very stringent threshold for considering the genes to be differentially expressed (FDR ϭ 0.001), but for which compelling evidence of their involvement of eating behavior has been demonstrated. Twentynine out of 87 were found deregulated by low-density array analysis (Table 3) . In six cases, the deregulation was more than twofold: adrenergic receptor ␣2b (Adra2b; fold change ϭ 3.6), ␥-aminobutyric acid (Gaba-a) receptor, subunit alpha 4 (Gabra4a; fold change ϭ 3.2), and the muscarinic cholinergic receptor 3 (Chrm3; fold change ϭ Ϫ2.0), melanin-concentrating hormone receptor 1 (Mc1r; fold change ϭ 3.4), melaninconcentrating hormone receptor 1 (Mc2r; fold change ϭ 2.6), and neuropeptide Y receptor Y6 (Npy6r; fold change ϭ 8.7). Other deregulated pathways in anx/anx mice when observing all literature-nominated genes were the adrenergic signaling (Adra2a, Adra2b), melanocortin signaling (Cart, Mc1r, Mc2r, 
DISCUSSION
The aim of the present study was to identify differentially expressed genes in the hypothalamus of a widely accepted anorexia mouse model (anx/anx) using a microarray assay as a hypothesis-generating tool. We hypothesized that the expression profile may show in part deregulation of genes etiologically related to the anorexic phenotype, but also genes related to the prolonged food deprivation that mice were suffering, and thus a reflection of the compensatory responses in brain.
In the present work, initially, we determined the statistical significance using a very stringent FDR value to take into account correction for multiple testing and to reduce the number of false positives, since fold change alone does not address the reproducibility of the observed differences. Second, we used real-time RT-PCR through TLDA cards, which permitted us to perform 176 simultaneous real-time PCR reactions, therefore validating 85% of the statistically significant differentially expressed genes. This strategy allowed us to obtain valuable information from the entire set of microarray data and to have a broader insight into the global transcriptome of the anx/anx model. Despite fold changes being low, they were stable between replicates, which provided highly statistical P values. The biological relevance of genes that show small but highly significant changes in expression is of special interest in the study of the central nervous system (CNS), where subtle changes are often expected (56) , and most of them were eventually proved to be truly differentially expressed from the qPCR validation experiments. In addition, we could detect differential expression of 29 out of the 87 genes selected based on literature search. Of the 29 candidate genes that were found to be differentially expressed by qPCR, 10 (34.5%) were differentially expressed in the microarray study when a 0.05 FDR threshold was set. Accordingly, these 10 genes appeared to be deregulated in the same direction by both methods, and for two of them, more than one probe was significantly deregulated in the array (two probes for Adra2a and three probes for Gabra2). Two possible reasons might explain why the remaining probes did not show differential expression. First, it is likely that the sensitivity is poorer in the microarray experiment compared with the TaqMan assays, which could detect a lower amount of RNA molecules and might have a greater range of detection. Another possibility is that, for certain genes, the isoforms targeted by the TaqMan assays might not be the same than those detected by the Agilent array.
The most significant network we identified, which was cell death, cell morphology, and cancer, contains 13 deregulated genes out of 35 focus genes contained in the network. This network centers on TNF, which is a proinflammatory cytokine known to induce anorexia and cachexia when a disconnection of anabolic pathways occurs and is typically upregulated in pathological processes, such as cancer, infection with human immunodeficiency virus or sepsis (22) . Although TNF-␣ itself does not show differential expression according to the microarray results, it is possible that changes do not lie at the transcriptional level but at regulatory points not being measured by the microarray, such as translation, phosphorylation, cleavage, modification, or degradation of the protein. However, a higher than expected number of genes either upregulated or downregulated in this particular pathway suggest a compensatory effect or a consequence of TNF-␣ activation. The genes that are differentially expressed in this network are discussed below. It is difficult to assess how the differences in the expression of TNF-␣ pathway genes lead to the activation or inactivation of this cascade, as some genes might be deregulated as a compensatory effect and others might be the cause of the alteration of the TNF-␣ pathway. However, the pathophysiology and neuroanatomical studies performed by Lachuer et al. (44) (see below) suggest that it is very plausible that an activation, rather than an inactivation, of the TNF-␣ cascade is present. Experimentally, it has been demonstrated that TNF-␣ Fig. 2 . Deregulated genes according to our TaqMan results were enriched in cell death, cell morphology, and cancer network genes. Upregulated genes are represented in red, downregulated in green. Genes related to body weight regulation that were selected from the literature and were deregulated in anx/anx were linked to this network through literature database search (black lines). ALCAM: activated leukocyte cell adhesion molecule; ARC: activity-regulated cytoskeleton-associated protein; ARRB1: arrestin, ␤1; ATP2C1: ATPase, Ca 2ϩ transporting, type 2C, member 1; BAX: BCL2-associated X protein; BCL2: B-cell CLL/lymphoma 2; BIK: BCL2-interacting killer (apoptosis-inducing); CARTPT: CART prepropeptide; CDC42EP1: CDC42 effector protein (Rho GTPase binding) 1; CEBPB: CCAAT/enhancer binding protein (C/EBP)-␤; CHRM3: cholinergic receptor, muscarinic 3; CNTFR: ciliary neurotrophic factor receptor; CRH: corticotropin releasing hormone; CRHR1: corticotropin releasing hormone receptor 1; DEK: DEK oncogene (DNA binding); DRD3: dopamine receptor D3; DRD5: dopamine receptor D5; EGF: epidermal growth factor (␤-urogastrone); ENDOG: endonuclease G; EPHA4: EPH receptor A4; FASN: fatty acid synthase; FN1: fibronectin 1; FOS: v-fos FBJ murine osteosarcoma viral oncogene homolog; GABRA2 (includes EG:2555): ␥-aminobutyric acid (GABA) A receptor, ␣2; GABRA3: ␥-aminobutyric acid (GABA) A receptor, ␣3; GABRA4: ␥-aminobutyric acid (GABA) A receptor, ␣4; GABRA5: ␥-aminobutyric acid (GABA) A receptor, ␣5; GH1: growth hormone 1; HRAS: v-Ha-ras Harvey rat sarcoma viral oncogene homolog; JAK2: Janus kinase 2 (a protein tyrosine kinase); JUN: jun oncogene; KCND2: potassium voltage-gated channel, Shal-related subfamily, member 2; KCND3: potassium voltage-gated channel, Shal-related subfamily, member 3; KISS1R: KISS1 receptor; LPIN1: lipin 1; Mapk: MAP kinase, MAPK protein, NGF/EGF-dependent kinase; MAPK1: mitogen-activated protein kinase 1; MC1R: melanocortin 1 receptor (␣-melanocyte stimulating hormone receptor); MC2R: melanocortin 2 receptor (adrenocorticotropic hormone); MCHR1: melanin-concentrating hormone receptor 1; MFN2: mitofusin 2; NCOR1: nuclear receptor co-repressor 1; NF-B: nuclear factor-B; NOL3: nucleolar protein 3 (apoptosis repressor with CARD domain); NPY: neuropeptide Y; NPY2R: neuropeptide Y receptor Y2; NTF3: neurotrophin 3; NTRK3: neurotrophic tyrosine kinase, receptor, type 3; ODZ3: odz, odd Oz/ten-m homolog 3 (Drosophila); OLR1: oxidized low-density lipoprotein (lectin-like) receptor 1; PCSK1N: proprotein convertase subtilisin/kexin type 1 inhibitor; PLCB1: phospholipase C ␤1 (phosphoinositide-specific); PMS1: PMS1 postmeiotic segregation increased 1 (S. cerevisiae); POMC: pro-opiomelanocortin (adrenocorticotropin/ ␤-lipotropin/␣-melanocyte stimulating hormone/ ␤-melanocyte stimulating hormone/␤-endorphin); PPARG: peroxisome proliferator-activated receptor-␥; PPARGC1A: peroxisome proliferatoractivated receptor-␥, coactivator 1␣; PRL: prolactin; RELN: reelin; RNF20: ring finger protein 20; SH2D3C: SH2 domain containing 3C; SLC1A2: solute carrier family 1 (glial high-affinity glutamate transporter), member 2; SLC6A4: solute carrier family 6 (neurotransmitter transporter, serotonin), member 4; SMC1B: structural maintenance of chromosomes 1B; SMC3: structural maintenance of chromosomes 3; SP4: Sp4 transcription factor; STAG2: stromal antigen 2; SYT1: synaptotagmin I; TNF: tumor necrosis factor (TNF superfamily, member 2); TRPC4: transient receptor potential cation channel, subfamily C, member 4. induces anorexia by reducing the magnitude and duration of eating episodes (58) . Moreover, its infusion is known to increase leptin secretion despite the decrease in food intake that would normally suppress leptin expression (24, 27, 61) . Leptin levels are reduced in anx/anx mice (49), a fact that could be interpreted as a compensatory mechanism in response to decreased food intake. Moreover, cytokines are also able to induce robust anorexia even in the absence of leptin (7, 23) , and low leptin levels have been reported in tumor-bearing rats (16) or in patients with cancer cachexia (10, 34, 66, 78) .
Hence, taken together, these data suggest the activation of inflammatory cascades in anx/anx mice rather than a unique hypothalamic-derived anorexia phenotype. Our findings echo the results of Lachuer et al. (44) , who found differential expression of several genes cytokines in anx/anx mice hypothalamus, and a recent neuropathological study that found activated microglia in several brain regions, supporting a CNS inflammation/neurodegeneration-associated process (54) . Although the underlying mechanisms are unknown, glia can be activated after injury, releasing chemical mediators such as CNS cytokines. These cytokines are able to modulate neuronal activity and synaptic strength through the release of hypothalamic histamine, serotonin, norepinephrine, and dopamine, all of them involved in the control of feeding (65, 67) . We found low serotonin transporter (Slc6a4) levels in the hypothalamus that have also been reported in the Raphe nuclei of anx/anx mice (32), which could be the cause of the increased serotonin activity observed in this mouse model. In addition, reduced dopamine signaling but increased levels of dopamine synthesis genes have been described in anx/anx striatum (37) . In our study, we observed an upregulation of Drd3 and Drd5 receptors, which could be a compensatory response to the reduced dopamine signaling. Finally, we found an intense upregulation of four GABA receptors, namely Gabra2, Gabra3, Gabra4, and Gabra5. The increase in the expression of these genes could reflect a compensatory effect, since activation of the TNF-␣ cascade causes an endocytosis of GABAA receptors, resulting in fewer surface receptors (72) .
Lachuer et al. (44) found a downregulation of the NPY or AGRP mRNA genes in the anx/anx mice, thus confirming previous findings from other studies that also found altered levels of these two genes (13, 14, 33) . Several data from our study also support a reduced responsiveness of the NPY circuitry in anx/anx mice. We found, for example, an upregulation of Cck, which inhibits orexigenic signals, or an increase in the expression of NPY receptors 2 and 6. Y2 receptors are abundant in the arcuate nucleus of the hypothalamus, and Y2 agonists inhibit NPY release from hypothalamic slices (40) , which agrees with a strong inhibition of the NPY circuitry. Taken together, the expected compensatory effect of this pathway, which is usually induced by food deprivation, appears to be defective in the anx/anx mice, which might explain the persistent anorexia characteristic of this model. Accordingly, the transcriptome profile of this model does not actually fit with the typical hypothalamic neuropeptide circuitry alteration in response to starvation but seems closer to an anorexia-cachexia syndrome like the classically observed in a cancer processes. Cachexia and starvation are the two major paradigms of malnutrition. Starvation is characterized by pure caloric deficiency. The organism responds with an increase in appetite, adapts metabolically to conserve lean mass and increase fat metabolism (15) , changes that can be reversed by 
*Gh was detected in the three anx/anx animals but was undetectable in control mice. A precise fold change cannot be calculated.
appropriate feeding. In contrast, cachexia is associated with inflammatory or neoplasic conditions that evoke an acutephase response, with diminished appetite concomitant with an increase in metabolic rate and a relative wasting of lean mass. In starvation, the positive energy balance is accomplished through the increased production, release, or action of NPY. During cachexia, the organism is maintained in a constant negative energy balance in which there is a persistent inhibition of the NPY orexigenic network, inducing anorexia and unopposed weight loss (31) . Some additional evidences from our results point toward the cachexia paradigm. We found, for instance, an upregulation of the PPAR activation pathway and signaling in anx/anx mice. Similar to other nuclear hormone receptors, PPARs act as ligand-activated transcription factors deeply involved in the maintenance of lipid and glucose homeostasis, by directly stimulating the transcription of genes involved in fatty acid oxidation (62) .
In particular, the PPAR␥ signaling is activated by prostaglandins and leukotrienes, inflammatory mediators derived from the oxidative metabolism of arachidonic acid (20) . On the other hand, the activator of the PPAR␥ (Ppargc1a, upregulated in the anx/anx mice) is able to activate uncoupling proteins, which stimulate thermogenesis in adipose tissue, elevating the resting energy expenditure and causing hypermetabolism, a cardinal feature of cachexia, but not of starvation (20, 41) .
Intuitively one would believe that those genes known to induce appetite that are downregulated and those ones that are appetite suppressors that are upregulated are more likely to be responsible for the pathophysiology of this model and probably to contribute to the cachexia phenotype that these mice have. That is the case of melanocortin receptors 1 and 2 (Mc1r and Mc2r, respectively) or melanin-concentrating hormone receptor (Mchr), which although known to suppress feeding, are upregulated in anx/anx hypothalamus (48, 51, 53) . Two other examples are the muscarinic receptor 3 (Chrm3) and fatty acid synthase (Fasn), which cause hypophagia and weight loss when disrupted (80) , and are decreased in anx/anx hypothalamus. The reduction of Fasn, for instance, is a known mechanism of the repression of lipogenic factors that contributes to the impairment in the lipid-storing capacity of adipose tissue in cancer cachexia (10) . Interestingly, Gh levels were detected in anx/anx mice but were undetectable in the three control mice, giving an approximate minimum fold-change of 16. Circulating Gh levels are pulsatile, with high peaks separated by valleys where the Gh is almost undetectable [reviewed in 1998 by Giustina and Veldhuis (26) ]. Since dissection was performed in anx/anx mice and their respective controls at the same time, it is possible that this moment corresponded, for the control group, to a valley where the transcript was undetectable, while anx/anx mice had raised GH levels. This might be caused by enhanced catabolism and severe malnutrition, which causes growth arrest in juvenile animals and is associated with a condition referred to as acquired GH resistance, which can be defined by elevated circulating GH but decreased IGF-I levels. This is a common phenomenon seen in cancer-cachexia patients (9) that would perfectly fit with the model we are proposing, although we could not find any evidence for decreased mRNA levels of Igf-1. We also found results that may suggest a more complex anorexic profile, such a decrease of Hsd11b1 and Cart expression, both of them anorexigenic, the later one shown to be reduced by in situ hybridization in arcuate nucleus and dorsomedial hypothalamic area of anx/anx mice (35) . Moreover, we also found a decrease of Cntfr, which has been reported to cause a reduction in both NPY availability and the NPY-induced feeding response (79) . These results might reflect the activation of pathways promoting food intake, which may be considered as compensatory to the cachectic state, even though their downstream effects may be countered by the activation of anorexigenic and catabolic pathways originating in different hypothalamic nuclei.
When the anx/anx mice were first described, they were found to have elevated levels of total blood urea nitrogen (BUN) and cholesterol (49) . BUN is commonly used as a marker of protein intake, and in case of malnutrition is usually low, while higher levels reflect an increase in protein catabolism, a characteristic response of the acute-phase response in cachexia (31) . On the other hand, increased lipid blood levels, specifically triglycerides and cholesterol, occur in cachexia but not starvation, reflecting an increase in adipocyte lipolysis that leads to fat mass loss (2) .
In summary, our analysis shows that, at the transcriptome level, the anx/anx mice appear to have an increased systemic/ CNS inflammatory response that, possibly through hypothalamus signaling, triggers a complex metabolic state comprising decreased appetite and significant weight loss. The data that we present not only open new insights on to the biological consequences of the undiscovered mutation that those mice harbor, but, surprisingly, it also turns out that the anx/anx mice might be a better anorexia-cachexia syndrome than a starvation model, as initially stated.
Although the stronger predictor of outcome is the severity of the underlying disease, the central objective of the prevention and treatment of the cachexia syndrome is to improve the life quality of the patient. It is thus probable that the anx/anx mice can be used as a cachexia animal model to understand the physiopathological alterations mediating this complex diseaseaccompanying condition and to test nutritional or pharmacological therapies.
